Laplace NMR (LNMR), comprising of relaxation and diffusion experiments, provides detailed information about molecular rotational and translational motion. The resolution and information content of LNMR can be increased substantially by a multidimensional approach. However, the approach leads to very long experiment times due to need for repetitions with an incremented evolution time or gradient strength. Furthermore, the need for repetitions significantly hinders the use of modern hyperpolarization methods.
Nonlinear sampling in ultrafast Laplace NMR
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Recently, we have shown that the experiment time of multidimensional LNMR can be shortened by one to three orders of magnitude by encoding the incremented variables of an indirect dimension into the layers of the sample. [1, 2] The method is called ultrafast LNMR, and it has found diverse applications in the investigation of porous media, chemical analysis, identification of intra-and extracellular metabolites as well as mobile NMR. [1] [2] [3] [4] [5] [6] The single-scan approach also facilitates significantly the use of hyperpolarization to boost sensitivity by many orders of magnitude. Originally, the spatial encoding was exploited in ultrafast NMR spectroscopy. [7] In this contribution, the principles and recent progress of ultrafast LNMR is described. Furthermore, a method for non-linear sampling of the indirect dimension in UF-LNMR measurements is introduced. [8] This leads to an optimized detection of exponential experimental data and significantly improved resolution of LNMR parameters.
